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Abstract
Background and purpose: To evaluate intramyocardial coronary ﬂow velocity pattern
by transthoracic Doppler echocardiography and its clinical signiﬁcance in patients
with hypertrophic cardiomyopathy (HCM).
Methods and results: In 48 patients with HCM who had angiographically normal coro-
nary artery, coronary ﬂow velocity in the left anterior descending coronary artery
(LAD) and intramyocardial coronary artery (IMCA) derived from LAD were evaluated
using transthoracic Doppler echocardiography. Two clearly different ﬂow patterns
in the IMCA were observed in patients with HCM. Twenty-seven HCM patients (group
A) had slow deceleration slope in the IMCA ﬂow (average diastolic deceleration
time, 989± 338; range, 585—1680) and the remaining 21 patients (group B) had
steep deceleration slope with diastolic deceleration time <300ms, resulting in a no
reﬂow-like pattern in the IMCA ﬂow (average diastolic deceleration time, 166± 67;
range, 55—280). There were no signiﬁcant differences in the clinical characteristics
and LAD ﬂow velocity proﬁles between the two groups. The incidence of cardiovas-
cular symptoms (chest pain or syncope) was signiﬁcantly higher in group B than in
group A (67% vs. 26%, p < 0.01). Additionally, exercise-induced ischemia as detected
by thallium-201 scintigraphy was signiﬁcantly more frequent in group B than in group
A (6 of 9 (67%) vs. 0 of 9 (0%), p < 0.01).
∗ Corresponding author. Tel.: +81 99 275 5318; fax: +81 99 265 8447.
E-mail address: minagoe@kagomc2.hosp.go.jp (S. Minagoe).
914-5087/$ — see front matter © 2008 Published by Elsevier Ireland Ltd on behalf of Japanese College of Cardiology.
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Conclusions: Two different intramyocardial coronary ﬂow velocity patterns are
observed in patients with HCM using transthoracic Doppler echocardiography. No
reﬂow-like pattern in the IMCA is strongly related to myocardial ischemia in the
absence of epicardial coronary artery stenosis, suggesting that coronary microvascular
usative mechanism.
vier Ireland Ltd on behalf of Japanese College of Cardiology.
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Sequoia C256). Left ventricular end-diastolic and
end-systolic dimension and left atrial dimension
were measured in the parasternal long axis view.dysfunction may be a ca
© 2008 Published by Else
Introduction
Clinical signs and symptoms suggesting myocar-
dial ischemia frequently develop in patients
with hypertrophic cardiomyopathy (HCM) despite
anatomically normal epicardial coronary artery
[1,2]. Although there is growing evidence that
abnormalities of the coronary microvasculature can
result in myocardial ischemia in patients with HCM
with normal epicardial coronary artery [2—4], clini-
cal evaluation of the coronary microcirculation has
not been fully investigated due to technical difﬁ-
culties.
Characteristic phasic coronary ﬂow velocity
patterns have been reported in patients with
HCM. However, there was no relationship between
phasic ﬂow abnormalities and those with symp-
toms [5—7]. Since the phasic blood velocity
pattern in penetrating coronary arteries is dif-
ferent than that in large epicardial arteries,
epicardial coronary ﬂow velocity proﬁles may
not accurately reﬂect intramyocardial coronary
perfusion [8]. Recent advances in transthoracic
Doppler echocardiography allow evaluation of ﬂow
velocity not only in the left anterior descending
coronary artery (LAD) but also in the intramy-
ocardial coronary artery (IMCA, 500—1000m)
[9—12]. Therefore, we hypothesized that transtho-
racic Doppler echocardiography would potentially
allow evaluation of an impaired ﬂow velocity
proﬁle associated with myocardial ischemia in
the absence of epicardial coronary stenosis. On
this basis, the primary aim of this study was
to evaluate the characteristics of the coronary
ﬂow velocity proﬁles in the IMCA using transtho-
racic Doppler echocardiography and to deﬁne the
relationship between the coronary ﬂow velocity
pattern and clinical manifestations in patients
with HCM. Furthermore, we compared transtho-
racic Doppler echocardiographic measurements
of coronary ﬂow velocity proﬁles with exercise
thallium-201 scintigraphy results in patients with
HCM.
T
t
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dubjects and methods
tudy patients
ixty-eight consecutive patients with HCM who
nderwent evaluation of cardiac function and
chocardiography at Kagoshima University Hospi-
al or Nanpuh Hospital were enrolled in the study.
he diagnosis of HCM was based on echocar-
iographic evidence of myocardial hypertrophy,
eﬁned as a maximal septal thickness of at least
3mm, in the absence of any other cardiac or
ystemic cause of left ventricular hypertrophy
13].
Twenty patients were excluded from the analysis
ecause of the presence of atrial ﬁbrillation (n = 13)
r an artiﬁcial pacemaker (n = 7). Consequently,
he study population consisted of the remaining 48
atients (33 men, 15 women; mean age 53 years).
xercise thallium-201 scintigraphy was performed
n 18 patients with HCM within 6 months before and
fter the echocardiographic examination as previ-
usly described [14]. Patient medications were not
hanged during the study. Nine subjects with nor-
al echocardiograms and no known cardiovascular
isease served as the control subjects (8 men and
woman, mean age 39 years). The study proto-
ol was approved by the institutional committee of
agoshima University, and each patient gave writ-
en informed consent prior to enrollment.
ransthoracic Doppler echocardiography
ransthoracic Doppler echocardiography with a
.5—3.5-MHz transducer was performed using a
ommercially available echocardiographic system
ATL HDI 5000CV, GE Logiq 500 MR, or Acusonhe peak instantaneous left ventricular outﬂow
ract gradient was estimated under basal conditions
ith the use of continuous-wave Doppler echocar-
iography.
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ecording of LAD and IMCA ﬂow by
ransthoracic Doppler echocardiography
sing a 4—7-MHz transducer, the short axis of
he anterior interventricular groove was visualized
rom the echo window between the left paraster-
al fourth or ﬁfth intercostal space and the apex.
ext, the transducer was rotated to visualize the
ong axis of the groove, and color ﬂowmapping with
Nyquistic limit ≤25 cm/s was applied to visualize
he mid-to-distal LAD ﬂow with relatively slow ﬂow
elocities.
To image the IMCA ﬂow, the left parasternal short
xis and the classical or modiﬁed two-, three- and
our-chamber views were used. First, through the
eft parasternal short axis view at the level of the
itral valve, chordae, and papillary muscle, we
earched for IMCA ﬂows in the anteroseptal left
entricular wall using color Doppler mapping with
low Nyquistic limit. Next, using classical or mod-
ﬁed two-, three- and four-chamber views, IMCA
ow from the epicardium to the endocardium was
lso evaluated in the apical half of the left ven-
ricular wall using color ﬂow mapping with a low
yquistic limit. The ﬂow velocity proﬁles in the LAD
nd IMCA were recorded by pulsed-wave Doppler
chocardiography with angle correction.
The peak and mean diastolic velocity diastolic
elocity time integral, and deceleration time of
iastolic ﬂow were measured and averaged over
hree consecutive beats in each subject.
hallium-201 scintigraphy
ach patient performed graded bicycle exercise
tarting at 25W, with an increment of 25W
very 3min. At peak exercise, 110MBq (3mCi) of
hallium-201 chloride was injected and the exercise
as continued for another 1min. Stress thallium-
01 perfusion scanning was begun within 10min
fter the tracer injection. Delayed thallium-201
erfusion scanning was performed 4 h later.
Only anteroseptal and apical segments were
valuated by thallium-201 scintigraphy, because
ransthoracic Doppler echocardiographic evalua-
ion of coronary ﬂow abnormalities was limited to
he territory of the LAD. Two experienced observers
ho had no knowledge of the clinical or echocar-
iographic data individually analyzed the images.
he patients were considered to have myocardial
schemia when a perfusion defect was seen on the
tress study but was absent in the redistribution
mages, or when a defect on the stress study was
arger than that in the redistribution study. The
mages were considered negative when no perfu-
ion defect was seen on either image, or when the
a
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efect on the stress study was the same as that in
he redistribution.
eproducibility of measurements
nterobserver variability of the measurements was
ssessed from 10 randomly selected recordings,
ith an observer blinded to previous echocardio-
raphic data. For the assessment of intraobserver
ariability, 10 subjects were examined twice on
ifferent days by the same sonographer and car-
iologist, who were blinded to prior Doppler
chocardiographic data. All measurements were
alculated as the standard deviation of the differ-
nces between the two measurements divided by
he mean measurement and were expressed as the
ercentage of the average value.
tatistical analysis
ontinuous variables are expressed as
ean± standard deviation, and categorical vari-
bles are given as absolute values, percentages,
r both. Differences between continuous variables
ere assessed with the unpaired t-test. Proportions
ere compared by the chi-square or Fisher exact
est. A p-value of <0.05 was considered statistically
igniﬁcant.
esults
atients’ characteristics
linical characteristics and general echocardio-
raphic ﬁndings are shown in Table 1. Left
entricular wall thickness, left atrial dimension,
nd fractional shortening were signiﬁcantly greater
n patients with HCM than in normal subjects,
hereas left ventricular end-systolic dimension was
igniﬁcantly smaller. Twenty-one (44%) patients
ith HCM had clinical symptoms of chest pain
r syncope with angiographically normal coronary
rteries.
omparison of LAD ﬂow velocity proﬁles
etween HCM and normal subjects
dequate spectral Doppler recordings of diastolic
oronary ﬂow in the LAD were obtained in all study
opulations. The peak and mean diastolic velocity
nd velocity time integral of LAD ﬂow were signif-
cantly increased and diastolic deceleration time
as signiﬁcantly prolonged in patients with HCM
ompared to those in normal subjects (Table 1).
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Table 1 Baseline characteristics of the study population
Characteristics Controls (n = 9) Patients with HCM (n = 48) p value
Age (years) 39± 13 53± 16 0.015
Men/women (n) 8/1 33/15 NS
Heart rate (beats/min) 68± 8 61± 11 NS
Echocardiographic measurements
Maximal wall thickness (mm) 10± 2 24± 5 <0.001
IVS thickness (mm) 10± 2 21± 7 <0.001
PW thickness (mm) 9± 2 12± 3 0.004
LV end-diastolic dimension (mm) 48± 4 44± 7 NS
LV end-systolic dimension (mm) 32± 5 26± 5 0.006
Fractional shortening (%) 35± 5 42± 8 0.024
LA dimension (mm) 31± 4 39± 6 <0.001
LVOT pressure gradient≥ 30mmHg 0 (0%) 3 (17%) NS
Incidence of moderate to severe MR 0 (0%) 0 (0%) NS
LAD ﬂow
Peak diastolic velocity (cm/s) 26± 6 49± 23 <0.001
Mean diastolic velocity (cm/s) 18± 4 32± 15 <0.001
Diastolic velocity time integral (cm) 10± 3 23± 11 <0.001
Diastolic deceleration time (ms) 840± 144 1008± 353 0.028
IMCA ﬂow
Peak diastolic velocity (cm/s) 31± 10 95± 43 <0.001
Mean diastolic velocity (cm/s) 24± 8 61± 31 <0.001
Diastolic velocity time integral (cm) 12± 4 34± 17 <0.001
Diastolic deceleration time (ms) 657± 100 613± 485 NS
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dData are presented as number (%) or mean± 1 S.D. HCM=
PW=posterior wall; LV = left ventricular; LA = left atrial; LVOT
descending coronary artery; IMCA = intramyocardial small coro
Comparison of IMCA ﬂow velocity proﬁles
between HCM and normal subjects
Adequate spectral Doppler recording of the dias-
tolic ﬂow in the IMCA were obtained in all study
populations. The peak and mean diastolic velocity
and velocity time integral of IMCA ﬂow were sig-
niﬁcantly increased in patients with HCM compared
to those in normal subjects. However, there was
no signiﬁcant difference in diastolic deceleration
time for IMCA ﬂow between patients with HCM and
normal subjects (Table 1).
Two different IMCA ﬂow velocity patterns
Two characteristic ﬂow patterns in the IMCA were
observed in patients with HCM (Figs. 1B, 2B and 3B).
One ﬂow pattern in the IMCA showed peak velocity
is observed in early diastole and then gradu-
ally decreased during the remainder of diastole
(Fig. 1B). The other ﬂow pattern was charac-
terized by steep decelerated diastolic ﬂow with
deceleration time <300ms. Overall, the latter
ﬂow velocity pattern has a no reﬂow-like appear-
ance (Figs. 2B and 3B). Therefore, the 48 study
patients were divided into two groups according
C
t
T
trtrophic cardiomyopathy; IVS = interventricular septum;
utﬂow tract; MR =mitral regurgitation; LAD = left anterior
artery.
o their IMCA ﬂow pattern. Group A consisted of
7 patients with HCM who showed slow decelera-
ion slope in the IMCA (average deceleration time,
89± 338; range, 585—1680). Group B consisted of
he remaining 21 patients with HCM who showed a
o reﬂow-like pattern in the IMCA (average decel-
ration time, 166± 67; range, 55—280).
omparison of LAD and IMCA ﬂow velocity
roﬁles between two groups in HCM patients
AD and IMCA ﬂow velocity proﬁles are sum-
arized in Table 2. Measurements of LAD ﬂow
elocity proﬁles were not signiﬁcantly different
etween the two groups. However, the mean dias-
olic velocity and velocity time integral in the IMCA
ere decreased in group B compared to group A
p < 0.05), and the diastolic deceleration time of
MCA ﬂow was signiﬁcantly shortened in group B by
eﬁnition (p < 0.001).omparison of clinical symptoms between
wo groups in HCM patients
here were no signiﬁcant differences in age, sex,
ype of HCM, and echocardiographic data between
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Figure 1 Fifty-two-year-old female without symptoms. Transthoracic Doppler echocardiographic measurement of left
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Lnterior descending coronary artery (A) and intramyocar
cardial coronary ﬂow decreases gradually, so we classi
howing stress and redistribution images in the short-axis
he two groups (Table 2). Syncope was observed in
patient (4%) in Group A and 8 patients (36%) in
roup B, and chest pain was observed in 6 patients
22%) in Group A and 10 patients (48%) in Group
. Thus, the incidence of cardiovascular symptoms
chest pain or syncope) was signiﬁcantly higher in
roup B than in group A (p = 0.008) (Table 2).
omparison of thallium-201 scintigraphy
etween two groups in HCM patients
xercise thallium-201 scintigraphy was performed
n 18 of the 48 patients with HCM. Exercise-induced
yocardial ischemia at the anteroseptal or apical
egment was found in 6 of the 9 patients (67%)
n group B, while none of the 9 patients (0%) in
roup A showed ischemia, a statistically signiﬁcant
ifference in incidence (p = 0.009) (Table 2). Fig-
res show representative images of coronary ﬂow
elocity patterns in the LAD and IMCA as seen by
ransthoracic Doppler echocardiography, both with-
ut and with exercise-induced apical ischemia as
etected by thallium-201 scintigraphy.
O
a
v
u
ncoronary artery (B). Diastolic peak velocity of intramy-
this patient into group A. (C) Thallium-201 scintigraphy
) views. It demonstrates no ischemia.
bserver variability
nterobserver variabilities for peak diastolic veloc-
ty, time velocity integral and deceleration time of
iastolic ﬂow were 4.2%, 4.9%, and 3.9%, respec-
ively. Interobserver variabilities for peak diastolic
elocity, time velocity integral and deceleration
ime of diastolic ﬂow were 3.8%, 4.1%, and 3.9%,
espectively.
iscussion
n the present study, we evaluated the value
f intramyocardial coronary ﬂow velocity mea-
urements using transthoracic Doppler echocar-
iography in patients with HCM. We have found
hat there were two different IMCA ﬂow patterns
n patients with HCM, despite no difference of
AD ﬂow velocity pattern between these patients.
ne ﬂow pattern obtained from IMCA showed
nterograde diastolic ﬂow velocity, reaching peak
elocity in early diastole with subsequent grad-
al deceleration. The other ﬂow pattern showed
o reﬂow-like pattern (sharp acceleration of coro-
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Figure 2 Fifty-three-year-old female with a history of syncope. Transthoracic Doppler echocardiographic measure-
ment of left anterior descending coronary artery (A) and intramyocardial coronary artery (B). The pulsed Doppler
dem
igrap
techocardiography in the intramyocardial coronary artery
classiﬁed this patient into group B. (C) Thallium-201 scint
in the anteroseptal segments.
nary ﬂow velocity at early diastole followed by a
subsequent steep deceleration). The latter char-
acteristic ﬂow pattern in the IMCA was associated
with clinical symptoms (chest pain or syncope) and
exercise-induced myocardial ischemia detected by
p
o
s
t
Figure 3 Thirty-year-old male with a history of syncope an
graphic measurement of left anterior descending coronary a
pulsed Doppler echocardiography in the intramyocardial coro
pattern, so we classiﬁed this patient into group B. (C) Thal
reversible ischemia in the anteroseptal segments.onstrating characteristic no reﬂow-like pattern, so we
hy showing abnormal perfusion with reversible ischemia
hallium-201 scintigraphy, while the former ﬂow
attern was not associated with clinical symptoms
r myocardial ischemia. Our new ﬁndings in this
tudy suggest that the no reﬂow-like pattern in
he IMCA could be related to myocardial ischemia
d chest discomfort. Transthoracic Doppler echocardio-
rtery (A) and intramyocardial coronary artery (B). The
nary artery demonstrating characteristic no reﬂow-like
lium-201 scintigraphy showing abnormal perfusion with
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Table 2 Baseline characteristics and echocardiographic measurements of HCM patients
Group A (n = 27) Group B (n = 21) p value
Age (years) 55± 13 51± 19 NS
Men/women (n) 20/7 13/8 NS
Heart rate (beats/min) 62± 11 60± 10 NS
Type of HCM
ASH 17 (63%) 15 (71%) NS
Apical 10 (37%) 6 (29%) NS
Symptom 0.008
No symptoms 20 (74%) 7 (33%)
Chest pain or syncope 7 (26%) 14 (67%)
Echocardiographic measurements
Maximal wall thickness (mm) 23± 5 25± 6 NS
IVS thickness (mm) 19± 6 23± 8 NS
PW thickness (mm) 12± 3 12± 3 NS
LV end-diastolic dimension (mm) 45± 6 44± 7 NS
LV end-systolic dimension (mm) 27± 5 26± 6 NS
Fractional shortening (%) 40± 5 44± 10 NS
LA dimension (mm) 38± 5 40± 6 NS
Gradient≥ 30mmHg 4 (15%) 5 (24%) NS
LAD ﬂow
Peak diastolic velocity (cm/s) 52± 28 45± 14 NS
Mean diastolic velocity (cm/s) 34± 18 29± 9 NS
Diastolic velocity time integral (cm) 24± 14 21± 7 NS
Diastolic deceleration time (ms) 975± 349 1045± 362 NS
IMCA ﬂow
Peak diastolic velocity (cm/s) 90± 44 101± 43 NS
Mean diastolic velocity (cm/s) 70± 35 51± 22 0.036
Diastolic velocity time integral (cm) 38± 19 29± 11 0.042
Diastolic deceleration time (ms) 989± 338 166± 67 < 0.001
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r201-thallium scintigraphy (n = 18)
Ischemia 0 (0%
ASH= asymmetric septal hypertrophy. Abbreviations as in Table
n patients with HCM in the absence of epicardial
oronary stenosis.
Clinical ﬁndings suggestive of myocardial
schemia in patients with HCM are found to
ave normal coronary arteries at angiography
espite having objective evidence of reversible
xercise induced defects in myocardial perfusion
y thallium-201 imaging [15]. Abnormalities in
oronary ﬂow dynamics have been considered as
possible mechanism for myocardial ischemia
n HCM patients with normal coronary arter-
es [2—4]. Previously, alterations of the phasic
oronary ﬂow velocity proﬁle in the LAD in
atients with HCM characterized by ﬂow reversal
n early systole, a reduced systolic component,
nd preserved or even increased diastolic ﬂow
elocity have been demonstrated in several studies
sing invasive or noninvasive Doppler methods.
owever, these studies demonstrated no rela-
ionship between LAD ﬂow velocity proﬁles and
a
d
w
r6 (67%) 0.009
hose with symptoms and myocardial ischemia
5—7].
In this study, we have demonstrated that no
eﬂow-like pattern in the IMCA was related to
linical symptoms in addition to exercise-induced
schemia by thallium-201 scintigraphy. The nor-
al value of the diastolic deceleration time is
matter of dispute, but it has been reported
hat the decay in the diastolic deceleration
lope correlated with the severity of microvas-
ular dysfunction [16,17]. The mechanism of this
iastolic change is speculative, but rapid decel-
ration of diastolic ﬂow would be expected in
atients with increased microvascular resistance
nd impedance [18—21]. Morphologic studies have
evealed that HCM is characterized by many
bnormal intramural coronary arteries and suben-
ocardial arterioles characterized by thickened
alls and narrowed lumens [4,22—24]. This may
esult in an increase in minimal coronary resistance
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andmight be a cause of no reﬂow-like pattern in the
IMCA.
Thallium scintigraphy could potentially provide
a means of obtaining the cause of myocardial
ischemia, which is reported in 50—80% of patients
with HCM in the absence of epicardial coro-
nary disease [25]. Previously, thallium perfusion
defects during exercise have been attributed to
exercise-induced ischemia due to microcirculation
abnormalities [26,27]. Using transthoracic Doppler
echocardiography in the present study, the pres-
ence of myocardial ischemia was found to be
closely related to the ﬂow velocity pattern in
the IMCA. Thus, the characteristic intramyocardial
coronary ﬂow velocity pattern demonstrated in the
present study might be related to exercise-induced
ischemia due to microcirculation abnormalities.
Angina and myocardial ischemia are predomi-
nant features of HCM and ischemia may contribute
to the development of syncope and sudden car-
diac arrest in such patients [26]. Previous reports
indicate that abnormalities of intramural coronary
artery may be the cause of myocardial ischemia.
It is thus possible that ischemia caused by these
vascular abnormalities may eventually result in
myocardial scarring and diminished left ventricular
function [28]. In the present study, basal left ven-
tricular thickness and coronary velocity proﬁles in
the LAD were similar in the two groups, but cardiac
events were frequently developed in patients with
no reﬂow-like pattern in the IMCA, reﬂecting dis-
turbed coronary microcirculations in such patients.
In this study, the characteristic pattern observed
in the IMCA had no relationship to the pattern
seen in the epicardial LAD ﬂow. This discrepancy
between IMCA and LAD ﬂow suggests that the
intramyocardial coronary ﬂow pattern may express
abnormalities of the microcirculation in relatively
small areas. Thus, the intramyocardial coronary
ﬂow velocity measurement appears to be more sen-
sitive than epicardial coronary ﬂow analysis for
detecting abnormal coronary microcirculation in
patients with HCM.
Clinical implications
Visualization of small arteries by coronary arte-
riography is limited by the physical properties
of radiographic systems. Although other imaging
modalities (such as magnetic resonance imaging
and positron emission tomography) may provide sig-
niﬁcant information regarding the functional and
metabolic consequences of small coronary artery
disease [29,30], transthoracic Doppler echocardio-
graphy is the most inexpensive and probably the
simplest to apply. Moreover, transthoracic Doppler
W
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chocardiography is the only available method for
irectly detecting the ﬂow velocity of the IMCA
500—1000m). Thus, this noninvasive technique
as clinical merit for investigating and understand-
ng of the role of IMCA physiology in coronary
irculation, hemodynamics, and natural history of
isease with left ventricular hypertrophy. Addition-
lly, early detection of no reﬂow-like pattern in the
MCA by transthoracic Doppler echocardiography
ay provide a useful prediction of cardiac events
n patients with HCM.
imitations
here are several limitations in this study. The
chocardiographic technique described here allows
oninvasive assessment of phasic coronary ﬂow
elocity proﬁles in the LAD as well as IMCA.
he methods have satisfactory interobserver and
ntraobserver variability. However, assessment of
oronary ﬂow velocity proﬁles in the IMCA
sing transthoracic Doppler echocardiography is
estricted to the hypertrophic septal wall. There-
ore, information about the rest of the wall cannot
e used for comparison. We analyzed IMCA ﬂow
elocity from diastolic ﬂow velocities alone and
ot from velocities throughout the entire cardiac
ycle, because cyclic cardiac motion makes it difﬁ-
ult to obtain complete Doppler spectral envelopes
specially in systoles. We did not measure coro-
ary ﬂow velocity reserve with intravenous infusion
f adenosine, although we believe this measure-
ent might be useful to ﬁnd out the effect of
icrovessel mechanism on myocardial ischemia.
owever, the purpose of the present study was to
eﬁne the relationship between IMCA ﬂow veloc-
ty patterns and clinical manifestations, and we
ound a characteristic ﬂow velocity pattern speciﬁc
o microvascular damage even without intravenous
nfusion of adenosine. The thallium-201 scinti-
raphic evaluations could not be performed entirely
t our institution. Although there were no clin-
cal differences in the patients who underwent
hallium-201 scintigraphy compared with those who
id not undergo 201-thallium scintigraphy, the num-
er of study patients was limited in the present
tudy.
onclusione evaluated coronary ﬂow velocity proﬁles in the
AD and IMCA by transthoracic Doppler echocar-
iography in patients with HCM. Two different
ntramyocardial ﬂow velocity patterns are noted.
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bnormality and prediction of cardiac events in
atients with HCM.
cknowledgment
his study was supported in part by a Grant-in-Aid
or Scientiﬁc Research from the Japan Society, for
he Promotion of Science, Tokyo, Japan.
eferences
[1] Maron BJ, Epstein SE, Roberts WC. Hypertrophic car-
diomyopathy and transmural myocardial infarction without
signiﬁcant atherosclerosis of the extramural coronary arter-
ies. Am J Cardiol 1979;43:1086—102.
[2] Pasternac A, Noble J, Streulens Y, Elie R, Henschke C,
Bourassa MG. Pathophysiology of chest pain in patients with
cardiomyopathies and normal coronary arteries. Circulation
1982;65:778—9.
[3] Cannon 3d RO, Rosing DR, Maron BJ, Leon MB, Bonow RO,
Watson RM, et al. Myocardial ischemia in patients with
hypertrophic cardiomyopathy: contribution of inadequate
vasodilator reserve and elevated left ventricular ﬁlling
pressures. Circulation 1985;71:234—43.
[4] Maron BJ, Wolfson JK, Epstein SE, Roberts WC. Intramural
(‘‘small vessel’’) coronary artery disease in hypertrophic
cardiomyopathy. J Am Coll Cardiol 1986;8:545—57.
[5] Tomochika Y, Tanaka N, Wasaki Y, Shimizu H, Hiro J, Taka-
hashi T, et al. Assessment of ﬂow proﬁle of left anterior
descending coronary artery in hypertrophic cardiomyopa-
thy by transesophageal pulsed Doppler echocardiography.
Am J Cardiol 1993;72:1425—30.
[6] Akasaka T, Yoshikawa J, Yoshida K, Maeda K, Takagi T,
Miyake S. Phasic coronary ﬂow characteristics in patients
with hypertrophic cardiomyopathy: a study by coronary
Doppler catheter. J Am Soc Echocardiogr 1994;7:9—19.
[7] Crowley JJ, Dardas PS, Harcombe AA, Shapiro LM. Transtho-
racic Doppler echocardiographic analysis of phasic coronary
blood ﬂow velocity in hypertrophic cardiomyopathy. Heart
1997;77:558—63.
[8] Chilian WM, Marcus ML. Phasic coronary blood ﬂow veloc-
ity in intramural and epicardial coronary arteries. Circ Res
1982;50:775—81.
[9] Minagoe S, Toyama Y, Niizoe K, Yamaguchi H, Toyoshima
S, Umebayashi Y, et al. Transthoracic Doppler echocar-
diographic detection of intramyocardial coronary artery
ﬂow in humans using high frequency transducer. J Cardiol
1997;30:149—55.
10] Hirasaki S, Nakamura T, Kuribayashi T, Shima T, Matsub-
ara K, Azuma A, et al. Abnormal course, abnormal ﬂow,
and systolic compression of the septal perforator associ-
ated with impaired myocardial perfusion in hypertrophic
cardiomyopathy. Am Heart J 1999;137:109—17.
11] Youn H-J, Redberg RF, Schiller NB, Foster E. Demon-
stration of penetrating intramyocardial coronary arteries
with high-frequency transthoracic echocardiography and
[15
Doppler in human subjects. J Am Soc Echocardiogr 1999;12:
55—63.
12] Watanabe N, Akasaka T, Yamaura Y, Akiyama M, Kaji S, Saito
Y, et al. Intramyocardial coronary ﬂow characteristics in
patients with hypertrophic cardiomyopathy: non-invasive
assessment by transthoracic Doppler echocardiography.
Heart 2003;89:657—8.
13] Richardson P, McKenna W, Bristow M, Maisch B, Mautner B,
O‘Connell J, et al. Report of the 1995 world health orga-
nization/international society and federation of cardiology
task force on the deﬁnition and classiﬁcation of cardiomy-
opathies. Circulation 1996;93:841—2.
14] Hamasaki S, Nakano F, Arima S, Tahara M, Kamekou M,
Fukumoto N, et al. A new criterion combining ST/HR slope
and ST/HR index for detection of coronary artery dis-
ease in patients on digoxin therapy. Am J Cardiol 1998;81:
1100—4.
15] Pitcher D, Wainwright R, Maisey M, Curry P, Sowton E.
Assessment of chest pain in hypertrophic cardiomyopa-
thy using exercise thallium-201 myocardial scintigraphy. Br
Heart J 1980;44:650—6.
16] Shintani Y, Ito H, Iwakura K, Kawano S, Tanaka K, Masuyama
T, et al. Usefulness of impairment of coronary microcir-
culation in predicting left ventricular dilation after acute
myocardial infarction. Am J Cardiol 2004;93:974—8.
17] Irvine T, Kenny A. Aortic stenosis and angina with normal
coronary arteries: the role of coronary ﬂow abnormalities.
Heart 1997;78:213—4.
18] Iwakura K, Ito H, Takiuchi S, Taniyama Y, Nakatsuchi Y,
Negoro S, et al. Alternative in the coronary blood ﬂow
velocity pattern in patients with no reﬂow and reperfused
acute myocardial infarction. Circulation 1996;94:1269—
75.
19] Bellamy RF. Diastolic coronary artery pressure-ﬂow rela-
tions in the dog. Circ Res 1978;43:92—101.
20] Klocke FJ. Measurements of coronary ﬂow reserve: deﬁn-
ing pathophysiology versus making decisions about patient
care. Circulation 1987;76:1183—9.
21] Duncker DJ, Zhang J, Bache RJ. Coronary pressure-ﬂow
relation in left ventricular hypertrophy. Importance of
changes in back pressure versus changes in minimum resis-
tance. Circ Res 1993;72:579—87.
22] Schwartzkopff B, Mundhenke M, Strauer BE. Alterations of
the architecture of subendocardial arterioles in patients
with hypertrophic cardiomyopathy and impaired coro-
nary vasodilator reserve: a possible cause for myocardial
ischemia. J Am Coll Cardiol 1998;31:1089—96.
23] Dimitrow PP, Dubiel JS. Impairment of coronary microvas-
cular ﬂow in hypertrophic cardiomyopathy. Eur Heart J
2002;23:991.
24] Tanaka M, Fujiwara H, Onodera T, Wu D-J, Matsuda M,
Hamashima Y, et al. Quantitative analysis of narrowings of
intramyocardial small arteries in normal hearts, hyperten-
sive hearts, and hearts with hypertrophic cardiomyopathy.
Circulation 1987;75:1130—9.
25] Nishimura T. Approaches to identify and characterize hyper-
trophic myocardium. J Nucl Med 1993;34:1013—9.
26] Dilsizian V, Bonow RO, Epstein SE, Fananapazir L.
Myocardial ischemia detected by thallium scintigraphy is
frequently related to cardiac arrest and syncope in young
patients with hypertrophic cardiomyopathy. J Am Coll Car-
diol 1993;22:796—804.27] Cannon III RO, Dilsizian V, O’Gara PT, Schenke WH, Quyyumi
A, Fananapazir L, et al. Myocardial metabolic, hemody-
namic, and electrocardiographic signiﬁcance of reversible
thallium-201 abnormalities in hypertrophic cardiomyopa-
thy. Circulation 1991;83:1660—7.
Imaging 2002;15:149—58.16
[28] Udelson JE, Bonow RO, O‘Gara PT, Maron BJ, Lingen AV,
Bacharach SL, et al. Verapamil prevents silent myocardial
perfusion abnormalities during exercise in asymptomatic
patients with hypertrophic cardiomyopathy. Circulation
1989;79:1052—60.
[29] Kraitchman DL, Chin BB, Heldman AW, Solaiyappan M,
Bluemke DA. MRI detection of myocardial perfusion defects
[
Available online at www.sW.-S. Kim et al.
due to coronary artery stenosis with MS-325. J Magn Reson30] Cecchi F, Olivotto I, Gistri R, Lorenzoni R, Chiriatti
G, Camici PG. Coronary microvascular dysfunction and
prognosis in hypertrophic cardiomyopathy. N Engl J Med
2003;349:1027—35.
ciencedirect.com
